EFS-Web Receipt date: 07/25/2007 1 0809276 - GAU: 21 28 

REPLACEMENT SHEET 




F!G.1 
(PriorM) 



EFS-Web Receipt date: 



°^^2^''^°^PLACEMENT SHEET 

2/14 



1 0809276 -GAU: 21 28 




FIG. 2 
(PriorArt) 



EFS-Web Receipt date: 07/25/2007 

REPLACEMENT SHEET 



1 0809276 -GAU: 21 28 




Obtain magnitude 
and direction of 

radial forces 



ST 40 2-^ i 

Apply a criteria to 
ttie radial forces 




rST406 

Adjust design and 

obtain magnitude 

and direction of 
radial forces for the 

adjusted design 



FIG. 4 



EFS-Web Receipt date: 07/25/2007 1 0809276 - GAU: 21 28 

REPLACEMENT SHEET 



4IU 



30% 

25%- 

20%- 

15%- 
10%- 
5%- 



□ Ratio 



Criteria 
500^ 



-0.050-0.014 0.022 0.058 0.094 0.130 0.166 0.20^ 0.238 

Ratio of Lateral Force to WOB 
FIG. 5 




) -0.014 0.022 0.058 0.094 0.130 0.166 0.202 0.238 

Ratio of Lateral Force to WOB 
FIG. 6 



EFS-Web Receipt date: 07/25/2007 1 0809276 - GAU : 21 28 

REPLACEMENT SHEET 




EFS-Web Receipt date: 07/25/2007 

REPLACEMENT SHEET 



1 0809276 -GAU: 21 28 




EFS-Web Receipt date: 07/25/2007 

REPLACEMENT SHEET 



1 0809276 -GAU: 21 28 




F!G. 9C 



EFS-Web Receipt date: 07/25/2007 1 0809276 - GAU: 21 28 

REPLACEMENT SHEET 



8IU 



Ratio of Force H to WOB 
FIG. 10A 




Ratio of Force H to WOB 
FIG. 10B 



EFS-Web Receipt date: 07/25/2007 

REPLACEMENT SHEET 



1 0809276 -GAU: 21 28 



9114 



© 






















0.02 



Ratio Of Force H to WOB 
FIG. IOC 









Ratio \ 


' 1 1 ' ' 


1 







'0.050-0.020 0.010 0.040 0.070 0.100 0.130 0.160 0.190 

Ratio of Lateral Force to WOB 
FIG. 11A 



EFS-Web Receipt date: 07/25/2007 1 0809276 - GAU: 21 28 

REPLACEMENT SHEET 



10/14 



1 




en Ratio \ 




- niirvTT>~, 



0.00 0.02 0.05 0.07 0.10 0.12 0.14 

Ratio Of Force H to WOB 
F!G. 11B 




-0.020-0.008 0.004 0.016 0.028 0.040 0.052 0.064 0.076 

Ratio ollaterai Force to WOB 
FIG. lie 



EFS-Web Receipt date: 07/25/2007 

REPLACEMENT SHEET 



1 0809276 -GAU: 21 28 



11/14 




Select parameters 
for simulation 

ST i 

Rotate complex 
cutting structure 

ST 120 4-^ \ 

Determine a new 
location of cutting 
elements on 
structure 

ST 120 6-^ I 

Determine 
interference between 
cutting elements and 
earth formation 

ST /2i?fi^^|^||]^]^ 
Calculate vertical 
and/or lateral/radial 
forces 



r ST 12 10 

Update bottomhole I 
parameters, etc. 




FIG. 12 



EFS-Web Receipt date: 07/25/2007 

REPLACEMENT SHEET 



1 0809276 -GAU: 21 28 




EFS-Web Receipt date: 07/25/2007 ^ 1 0809276 - GAU: 21 28 

REPLACEMENT SHEET 



13/14 



HOOK 
■1502 




FIG. 15 



EFS-Web Receipt date: 07/25/2007 

REPLACEMENT SHEET 



1 0809276 -GAU: 21 28 



14/14 



( Start ) 

S7- 160 0-^ i 

Simulate response of drilling 
tool assembly driiling earth 
formation 

ST" 160 2-^ i 

Compare radial force witti 
selected criteria 




r ST 1606 

Adjust at least one 
parameter of drilling 
tool assembly design 



Output drilling tool assembly 
design as an acceptable 
design 




FIG. 16 



